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(57) Abstract: Road and marine steering means in an amphibious vehicle are linked so that the ^^^T^± 
M embodiment, arm (64) connects .ever (56) to steering rack (36> Cable (48) ZT!Znl^Z£^ 
pivots about pin (60), which may be moved along slot (58) by motor (70) and gearbox (72) dnvmg screw shaf (74). At pin poawm 
AMI mad sVeering ttavel x is achieved with minimal marine steering travel. At pin pos.non B, road and manne steenn ; have xqual 
fmve x™ anJ position C, full marine steering travel z is achieved with minimal road steering travel y. In a further embodiment 
SiStaS steering rack casing (226) has cam pmfi.e 258 consuming pin (260). Full manne steenng travel z of cable 
(248) is achieved over rack travel y. Steering wheel (30) controls both road and marine steenng. 
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Steering System 



Thisinventionrelatestoasteering system for an amphibious vehicle and to an amphibious vehicle 
having such a steering system. 

ItisakeadyknowtoprovideampmbiousveMcleswimsteermgsystem 
5 land and water. Most simply, these systems are composed of two independent steering 
arrangements, for example, asteeringwheel whichis connected to a conventional rack andpinion 
arrangementforlandope^ 
operation. 

Inmoreadvancedsteermgsystem^ 
10 Forexample,mUSPatentNo5,727,494,anampmbiousveMcleismsclosedhavingasteering 

wheelconnectedtoafixedgearboxbymeansofashaft The fixed gearboxistelescopically 

connected to a moving gear box, and steering rods connected to the moving gear box enable 

turnfagofmefrontwheelsof^ 

steermgsystemwmchcmto^ The land and water steering arrangements are 

15 bompemanentlycomaectedtomesteermgwheeLItisconsideredmatknow^ 
systems areinflexiblemtoehrelationofforcetodistance.Movement 
may be undesirable in road mode. 

Itisanobjectoftoepresentmventiontoprovideasteermgsystem 
overcomes the limitations of the prior art systems. 

20 

In accordance with a first aspect of the invention, there is provided a steering system for an 
ampMbiousveWcle.mesystemcomprishganactuatorforsteermgat 

vehicle, the actuator having steering travel, and a marine steering means, the system further 
comprismgmeans for convert^ 
25 steermgmeans.characterisedmmatmerauobetweenmetravel^ 
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the movement of the marine steering means is variable. 

ma fhtf preferred arrangement,^ 
movementoffcemarinesteer^^ 

a steering system in which the means for converting travel of the road steering actuator into 

movementofmemarinesteer^ 

meansforadjustmglhepivotpo^ 

steering actuator and the movement of the marine steering means. 

Preferably.a&stendofmeleveriso^ 
actuator and a second end of me lever is o^^^ 
steermg means, me lever pivots ^ 

systemhavmgmeansforadjustmgmepositionofmeMcrumre^ 
tovarymemtiobetweenmetravelofmemadsteermgactuatorandmemovem^ 

steering means. 

In a particularly preferred arrangement, the means for adjusting the position of the fulcrum 
comprises anactuatorwmchmaybemmeformofamotor.Themlcrumm 
adjustmgnuthavmgathreadedboreandthemotormaybeadaptedtorotateascrew shaftwhich 

is in engagement with the threaded bore, to move the fulcrum. 

masecondpreferredarrajigement,meratiobetweenthetravelofmeroad 

memovementofmemarmeste^ 
roadsteermgactuatorfromas^ 
systemmwMchmemeansforconve^ 

marmesteermgmeansisadaptedtoprovideafirstmtiobetweenmetmvd 
actuator andmemovemento^ 

oftheroadsteermgmeansfrommestraightaheadpositionandisadaptedtoprovideasecond^ 
different ratio between me travel ofme road steermgacmator and me movement of me m^ 
steering means duiing movement or travel of the road steering means beyond the first range. 



WO 03/037663 



PCT/GB02/04842 



3 

Preferably.themeansforconvertingtraveloftheroad steering actuator into movement of the 
steermg means is adapted to provide subs^^ 

during movement or travel of the road steering actuator beyond the first range. 



marine 
means 



Preferably.meconvertermeansmcludescammeansadaptedtomovememarmesteermg 

foroughitsfuUrangeofst^ 
steering actuator. 

Advantageously.mecammeansmcludesacainplatepivotable^ 

theroad steering actuator and having a cam surface, acam follower adapted for movement with 

theroadsteermgacraato^^ 

thefirstpomtmresponsetotravelofmemadsteermgactuator^ 

means to transmit movement of the cam plate to the marine steering means. 

kacc<>rdancewifcas^ 

anipmbiousvemcle.mesy^ 

veMcle.foeactoatorhavmgpredetermmedmaximumm^ 

means, me system furmercomprismg converter means for convertmg 

acmatormtomovementofthemar^ 

adapted such that the marine steering means can be moved through its full range of steering 
movementmresponsetoapartialmovementortravelofmeroadsteermgacmator.wW 

than the predetermined maximum road steering travel, 
m accordance wimaM^ 

asteermgsystemmaccordancewimmefnstaspectoffoeinvention 
invention. 

Several embodiments of the invention will now be described, byway of example only, with 
reference to the accompanying drawings in which: 
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Figure i isaschematicplaavi^ 

steering system in accordance with the invention; 



Figure 2 



isanenlargedplanview,partlyincross section, ofpartofthe steering system of 
Figure 1; 



Figures isaviewsimilartottotof^ 

system in accordance with the invention; 



Figure 4 is sectional view taken along line A-A in Figure 3; 

Figure 5 is apian view, partlyin section, of a third embodiment of a steering system in 
accordance with the invention, showing the system in a road use mode; 

Figured isaviewsinnlartoth^ 

FigureV is an enlarged, perspective, ghosted view showing details ofpartofthe steering 
system of Figures 5 and 6; and 



idiment of a steering 



Figure 8 is apian view, partlyin secti 

system in accordance with the invention. 

Withreferencefnst^ 
n^emod^ismoicatedgene^ 
12 14 apakofrearwheelslMSandawa^^ 

inconventionalmannerbysuspensionmembers (notshown) mounted on wheel support upnghts 
22, 24. 

0 ThevekicUhas aste^g S ystemwhiohino ta d= S arao! t an4puuo.a SS =mb 1 y26f OTS «e,ring«he 
v*cl.<mla^.3ndamoveabl. n o^e2 8m fh 6W aWj=.20,fors^tov*icleonwa te r. 
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10 



15 



SteeringoftheveWclebothonlandandonwateriscontroUedbymeansofacon^on 

wheeBOmountedtooneen^ 
a piinon34oftherackandpin^ 

isconvertedintoli^^^ 
areattachedtosteering™ 

frontwheels 12, 14. ThesteeringrackSecanbeconsideredasanactuatorforsteering^ 
wheels of the vehicle. 

Oneend46ofap U sh-P»lloable48i S attachedto a s.eeri B g»nn50ofto„ OI d«28.Theoth=r 
e nd52oftf. e cable48i S at to h^toame C ham m (mdicatedg^tall y at54inFig U iel)wteh 
^travelofd.es^ertagraokSdin.omovemeo.oftocable 48 andhencemtomovemen. 
of the nozzle 28. The mechanism 54 can be seen in detail in Figure 2. 

Themech^54compri SK aleve, 5 6 to vm g »nelonga.eslo.58fcr^i^aWcr m pin60 
a ho««wWchmel.ver56pivo te .Afnatend62ofmelever56ispivobablyconaec.ed.ooneend 

ofiM o4,whiWtheo*erendoftheli>»^ 
„ f a piTO t«6.Thearn m gememUsnch.tot^^ 

end62ofmelevei56viamelmk64,topivotmeleveraboutmemlcrampin60.Asecondend 
68oftheleverUpivotablyco,mectedtomeend52ofthecable48bymean S ofaclevispm65or 

by any other suitable arrangement. Numeral 49 denotes a fixed outer cable sheath. 

majornorfionofthelengthofmekver.Theposifionofmefitlcrumpin 60 witlnn.be slotts 

adjustablesoastovarythe^oofmovement^^ 
SoatomthefulcromptoSO.Wta^ 

(olorumpmc 0 mprise S anel K hicmotor70andge aI tox72 > wmchdriveascrewshaft74.The 
25 pin60ismountedThearrangementissuch 
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mthefulcrompmeOmo^ 

pin 60 is guided by a pair of trackways (98, 102, Figure 4) formed in a housing 77 of the 
mechanism 54. 

ItwiUbeundeKtoodbythoseskm^^ 
5 adjustthepositionoftheMcnnnp^ 

mechanism and moved by means of a hydraulic or pneumatic actuator. 

Whilstthefulcrumpin 60 canbe adjusted to any desired position along the length of the slot, 
operationofmesteermgsystemwiUbedescribedwimreferencetoto 

indicated as A, B & C in Figure 2. 

10 Whenanoperatorofmevehid^^^^^ 

C onventionalmanner.A S hasalreadybeendescribed above, rotation ofthe steering wheel 30 

resultsmlmeartraveloftheofmesteeringrack.TheM 
inaknownmanner,byroadstee^^^ 
TypicaUy,meroadsteermg^ 
15 order to move the steering rack though the full travel x from lock to lock. 

IJnearmovementof^ 

me lever, causmgmefostend62top^ M 
travelxofmesteermgrackresmtsmapivotalmovementx'ofmefirste^ 

theMcrumpmMcontrast^ 
20 the lever pivoting by a reduced amount y. 

menmefulcrum P m60isin P os^^ 

movementofmesecxmdendofto^^ 

nozzle28arenotmoved.ThuswimmefU^ 

effectively de-activated so mat movement ofmesteermg wheel, and hence me steerm^ 
25 does not result in movement ofthe nozzle 28. 
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With the fulcrum pin 60 in position B, the lever has a ratio of 1 : 1 which means that pivotal 

movementofmefe S tend62oftheleveraboutmefulcrumpm60produce Sm 

ofthe second end 68 ofme lever. As depicted m Figure 2, &U travel xoftheste^g rack 

resdtsmacorresp^ 

S uchmatfuUmovementzofme S econdend68ofmelevermovesthecable48thmugh 
which is sufficient to move the nozzle 28 through its full range of steering movement. 

Moving the fulcrum pin 60 to position C increases the lever ratio further such that a partial 
roovementyoffcefirst^ 

36,resultsmamllmovementzofmesecondend68ofmelever.Themovementzofthesecond 

end68ofmeleverbemglin^ 
thefmcrumpmmtMspositiontheoveraUsteermgrati^ 

soma tmenozzle28canbemovedthrou^ 

steeringwheeLTVp^ 

C but any suitable ratio may be selected. 

Tteanangemerfd^ 

inbomlandandmarmemodes.WithmeMcrumpmmpositionA.theampmW 

onlandusmganormalautomot^ 

wheel whilememarmesteermgnozzle28(oromermarmesteerm^ 

atmeneulxalcentre-WhenmeveMcleentersorleavesmewaterma^ 

pmeOismovedtopositionBwheremmeautomotivesteermgmuoisappUedtobomm^ 

andmemarmesteerrngsystemWhenmeampMbianismM 

topositionCwherdnahighersteeringratiois ^Uedtomemarme steering system, e.g. 1 tumlock 

tolock, W hnefreroadwhee^ 

stops. 



modes is preferably controlled 
system may comprise sensors 



n^odesispreferablycontroUedautomaucaUybyasuitablecontrd 

; for detectingwhenthevehicleis entering or leaving abody of water 
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todetenmnewhenachangeofsteermgmodeisrequired 
resporKetomputco^^ 

required. Alternatively, adjustmerrfofthe fulcrum position can be effected 
operator of the vehicle. 

5 FiguresS and 4 show a second embodiment of a steering system in accordance withthe invention. 
ThesteermgsystemofFi^ andoperatesm 
the same way, the only differences being that: 

the link 64 is attached to a drive lug 90 projecting from the steering rack 36; and 
m ovementofmefustend62ofmelever56isguidedby m gagementofapivot P m92 > w 

10 connectsfcelinkc^to^^ 
of mechanism 54. 

Theguidetrack94isformedmanupperportion96ofmehousmg77and^ 

end 62 of the lever pivots about the fulcrum pin 60, as can best be seen in Figure 3. Tms 
axrangemen^ 



15 



the mechanism. 



Figure4 akoshowsthead^ 
tooughlineA-AmFigur^ 
shaft74 ThefulciumpmeOextenasupwaidlyto 
20 56anden gag esmasUdetrackway98 P rovidedinmeupperportionofmehousing77. Alower 

pinportion 100 extends downwardly ftomthe adjustingnut and is received in a further shde 

trackway 102 formed in a lower portion 104 of the housing 77. 

AthirdembodimentofmemventionisshownmFiguresSto 
rack as S emblv26ispowe^^^ 

25 i^y^*^^^'"^ 1 "*^^™^ 
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pivotable links 108 as required. 

Themechanism 54 which converts travelofthesteeringrack36iiitomovemeiitofaerods,and 
thusthenozzle,canbeseenbe^ 

dkectlytosteenngrack36rato 
5 P uipose J apakoflugsllOJ12projectfe)maclampmemberll4whichc^ 

tothesteering ra ck36soastobeconstrahiedtomovewiththerack.Theto 
isreceivedbetweenmetwolugs.andap^^ 

lever and the lugs and is held in position by means ofone or more ckchps or by any other suitable 
means. Anendofam^rodmemberl06aispivotablyattachedtothesecondend68ofthelever 

10 56 by means of a clevis pin, or by any other suitable arrangement. 



15 



20 



As with the previous embodiments, the lever 56 has an elongate slot 58 which receives an 
adjustableMcrnmpmeO,^ 

adjusternut76whichismomtedbymeansofathreadedboreonascrewshaft74.Theshaft74 
i S rotatedbymeai i sofanelectricmotor70andagearbox72.Movementofthemlcrumpmi^ 

gddedbymeansofslidetrackwa^ 

118, 120respectively and whichreceive upper 122 and lower (not shown) projections ofthe 
fulcrum pin 60 and/or adjuster nut 76. 

As wimmeprevious embodiments, themechaiusm54convert S M^^ 
36mtopivotalmovementofmelever56abotf 

esofmeleverresultsmacorrespondmgmovementofmerodsystemioewmchm 
water jet nozzle or some other marine steering means such as arudder. 

Figures5and6,showtoesystemmroadmode^ 
member 118 has been omitted from these Figures for clarity. 

Figures showsmesystemwimmefulcrumpmeOmpo 
25 Mlateraltravelxofmesteeringrackresultsmminimalmovementofm^ 
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lever.AsshowninFigureS.thefirstrodlOeaintherodsystemissubjectedonlyto 

movement about its connection 124 with pivotablelinklOS.suchthatnomovement is transferred 

to a second rod 106b in the rod system, or to the nozzle. 

foFigure^meMcnmipmeOhasbeenmo 

yofmesteermgrackresultsmafuUmovementzofthesecondend68ofthelever56aboutthe 
fulcrumpin60. As aresultthefirstrod 106ais subjected to longitudinal movement, as indicated 
bymeatrows.whichistraiisferredviapivotallmklOStom^ 
tomenozzle.Movementzofmeleverislimitedbynwinesteermgsto P s 

arrangedsuchmatthisamomtofm^^^^ 

the nozzle through its full steering movement. 

TheMcnmpmeOmmethkdembodjmentcanbepositionedatanypoM 

AandC showninFigures 5 and6, and in particular canbe positioned at apointwheretheratio 

ofmovementbetweenfce&st^ 
beopemtedmmesamemamerasmefirstembodimentasme 

road modes of use. 

FigureSshowsafurmerembodimentofasteermgsyste^ 
wimme mvenuon.Thefurmer^ 

steermgtiiefrontroadwheelsofmeveMclemaconventionalmannerandamam^ 
(notshown),suchasamovablenozzleofawaterjetorarodder.Movementofmemarinest^ 

means is controlled by a cable 248 in response to travel of a steering rack 236 of therackand 
pinion assembly 226, as described below. 

Afkstend262ofaleverannorcamplate256ispivotaUyconnectedtoaca S ingorbody237of 
the S teermgrackassembly226bymeansofapivot292.Theotherend268ofthecamplateis 
attachedtoanendofmecable248bymeansofaclevispin265.Thecamplatehasagenerally 

••S"sha P edslot258wWchreceivesa^ 
formovementwimmesteermg^^ 
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operates withthecamfoUowers^ 

plate to rotate aboutthepivot292.1herotarymovementofthecamplate256 about thepivot292 
moves <hecable248whichis attached toasteermgarm(notsho^)ofmemarmesteermgm 

Thesteer m g ra ck236hasapredeternunedmaximumstee^ 

Figure 8, this travelbeinglimitedby road steering stops as is know in the art. The road steering 
systemhas atypical automotive steeringratio such that the steering rack is moved through its 
maximum steermgtavelmrespoi^ 

marmeusetmssteermgrauoisnotappropriateandmesystemisdesignedsuc^ 

steeringmeansismovedthrougbitsMlsteermgm 
steermgwheel.forexampleltumlocktolock.TMsisacWeveu 

m ecamplate256isrotatedaboutthep^ 

236asmdicatedatymFigure8.Them^ 

overmepartialmovementyismdica^^ 

movement of the second end 268 of the cam plate by an amount Z moves the cable 248 by an 

amountwmchissufficienttomovemem 

movement. 

fa Figure8,the P ositiono^ 
positionisshownmsoUdlmesJtc^ 
ofmovementyofmesteermgr^^ 
offcesteermgracktomemovemento^ 

fcatratioisinlto^ 

first rangemovement a different ratio is applied, which inthis caseresults in substantially no 
movement of the marine steering means taking place. 

The emb o diment shown m Figure 8, ^ ^ 

steeringmeans is operative at all times, even when thevehicleis used on land. However, the 
arrangement smrpleandreh^^ 
marine steering ratio. 
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Whereas the inventionhas been described inrelation to what arepresently considered to be the 
mostpracticalandprefeiredembod^ 

to the disclosed arrangementsbutrather is intended to cover various modifications and equivalent 
coretmcuonsmcludedwito^ 
5 means need not be a water jet nozzle but could be any suitable means such as a rudder. 
Furmermore,memventionisnotlimited to application to vehicles havingasteeringrackto steer 
theroad wheels. The invention could, for example, be apphed to a vehicle having any other road 

steermgmeamsuchasasteerhgbox.fote 
steermgactuatormtomovementofmemarmesteermgmeanscan 

10 meroadsteermgmeanswMchhasasui^ 
me^.mcludmghydrauhcorel^ 

forexample"steerbywhe"-maybeusedtotran S nutmovemento 

mecamplatetomemarinesteermgme^ 
betweenmadandmarmesteermg;forexamplebyvariab^^ 

15 variable mapping, 
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Claims 



2. 



5. 



A steeringsystemforanampfc^ 
forsteeringatleastoneioadw^^ 

travel, and a marine steering means (28), the system further comprising means (54; 248, 
256,258,260)for<x)nvertmgtravelofmeroadsteeringactuatorintomovementofthe 

ma rinesteermgmeans,char^^ 

actuator and the movement of the marine steering means is variable. 
Asteetmgsystemascla^ 

steering actuator and the movement of the marine steering means is selectively variable. 
Asteeringsystemasclaunedmclaimlorclaim2,mwW 

of theroad steering actuator into movement of themarine steeringmeans comprises a 
pivotablelever(56),1hesyst^ 

meleversoastovarymeratiobetweenmetraveloftheroadsteermgac^ 
movement of the marine steering means. 

Asteeringsystemascl^ 

connected formovementmmmeroadsteeringactuator(36)andasecondend(68)ofm^ 
leverisoperativelyconnectedformovementAvimmemarmesteeringmeans,thelever 

pivoting about a fulcrum (60) arranged between the first and second ends, the system 
havingmeans (70, 72,74,76) for adjustmgmepositionofuiefulcrumrelativetotheends 
ofmeleversoastovarymeratiobetweenmetmvelofmeroadsteerm^ 
movement of the marine steering means. 

Asteeringsystemasclaim^^ 

fulcrum comprises an actuator (70, 72, 74, 76). 



6. A steering system as claimed in claim 5, in which the actuator comprises a motor (70). 
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7. A steering system as claimed in claim 6, in which the fulcrum is mounted to an adjusting nut 
(76) having a threaded bore and the motor is adapted to rotate a screw shaft (74) which 
is in engagement with the threaded bore, to move the fulcrum. 

8. Asteermgsystemasclaimedinclaim 1, in which the ratio between the travel oftheroad 
steering actuator and the movement of the marine steering means varies in dependence on 
the movement or travel of the road steering actuator from a straight ahead position. 

9. A steering system as claimed in claim 8, in which the means (248, 256, 25 8, 260) for 
converting travel of the road steering actuator into movement of the marine steeringmeans 
isadaptedtoprovideafiretratiobetweente 
movemeatofthemarmesteeringm 

road steeringmeans fromthestraightaheadpositionandis adapted to provide a second, 
different ratiobetween the travel oftheroad steering actuator and the movement of the 
marmesteermgmeansdurmgmovementorlravelofmeroadsteermgmea^ 

first range. 

10. Asteermgsystemasclaunedinclaim9,mwmchmemeansforconvertmg 
roadsteermgactuatormtomovementofmemarmeste^gmeans is adapted 
substantiaUynomovementofthemarine steeringmeans duringmovement or travelofthe 
road steering actuator beyond the first range. 

11. AsteedngsystemfbranamphM 
steenngatleastonemadwheelofto^ 

road steering travel (x), and a marine steering means, the system further comprising 
convertermeans(248,256,258,260)forconve^ 
mtomovementofthemarinesteeringm 
adapted suchthattomarinesteermg^ 

movement inresponsetoapartialmovementortravel(y)oftheroad steering actuator, 
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which is less than the predetermined maximum road steering travel. 

12. Asteermgsystemasclamiedinanyoneofclaims8to 11, in which the converter means 
includes cammeans (256,258,260) adapted to move the marine steeringmeans through 
itsMrangeofsteermgmovementmre^onsetoapartialmovementortraveloftheroad 

5 steering actuator. 

13. A steering system as claimed inclaim 12, in which the cam means includes a cam plate 
(256)pivotableaboutafirstpoint(292) fixed relative to the road steering actuator and 
having acam surface (258), acam follower (260) adapted formovement with the road 
steering actuator and which cooperates with the cam surface topivotthe camplate about 

10 the first point in response to travel of the road steering actuator, the system further 

comprising means to transmit movement of the cam plate to the marine steering means. 

14. A steering system substantially as hereinbefore described, with reference to and as 
illustrated inFigures 1 and 2, or Figures 3 and 4, or Figures 5 to 7, or Figure 8 of the 
accompanying drawings. 



15 15. 



AnampmbiousveWcle(10),characterisedm1hatmevehiclecomprisesastee^ 
in accordance with any one of the previous claims. 
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Fig. 2 
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Fig, 3 



WO 03/037663 



4/8 



PCT/GB02/04842 




Fig, 4 
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